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Abstract. In the preprint arxiv:1703.03425 “strong evidence” for the normal neutrino mass
ordering is claimed. The authors obtain Bayesian odds of 42:1 in favour of the normal
ordering. Their conclusion is based on adopting a flat logarithmic prior for the three neutrino
masses. Such an assumption favours a hierarchical spectrum for the masses, which is much
easier to accommodate for the normal mass ordering, and hence their prior assumption makes
the inverted ordering much less likely a priori. We argue that the claimed “evidence” for
normal ordering is almost entirely driven by the adopted prior and not due to the data itself.
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In a recent pre-print [1] entitled “Strong Evidence for the Normal Neutrino Hierarchy”
by F. Simpson, R. Jimenez, C. Pena-Garay, and L. Verde (SJPV in the following) a Bayesian
analysis of data from neutrino oscillation experiments and cosmology has been performed.
SJPV obtain Bayesian odds of 42:1 in favour of the normal hierarchy (or ordering), a much
stronger result than obtained by similar recent Bayesian analyses in Refs. [2–4] as well as the
χ2-based analysis from Ref. [5].
In this note we want to clarify that the result of SJPV is a consequence of the assumed
Bayesian prior, i.e., the subjective belief of the authors before data is used. SJPV assume
that the three neutrino masses have a flat probability distribution in logarithmic scale. This
assumption favours a hierarchical spectrum and makes the inverted ordering (where the two
heavier masses are quasi-degenerate) much less likely. On top of this assumption, SJPV
impose a so-called hyper-prior, which limits the available range for the three masses in loga-
rithmic scale. The effect of this hyper-prior is that also a quasi-degenerate spectrum becomes
likely if the hyper-prior is chosen to have a narrow width. Hence, the particular choice of
their prior favours either a hierarchical or a quasi-degenerate spectrum. For normal ordering,
both options are available, whereas in case of inverted ordering, only a quasi-degenerate spec-
trum is likely under these prior plus hyper-prior assumptions (this is visible in Fig. 3 of [1]).
Once the cosmological bound on the sum of neutrino masses is imposed, a quasi-degenerate
spectrum is disfavoured, which leaves no room for the inverted ordering and leads to the
strong preference for the normal hierarchical spectrum.
In summary, the claimed preference for normal ordering is strongly driven by the as-
sumed prior. The work of SJPV quantifies the following statement: if a hierarchical spectrum
is assumed (flat prior in the logarithm of the three masses), then a normal ordering is pre-
ferred over inverted. The assumption of a logarithmic distribution of the masses may have
some appeal (for instance having in mind the masses of other fermions of the Standard
Model). However, the conclusion reached by SJPV should not be confused with the question
of whether data by themselves can distinguish between normal and inverted ordering when
assuming that a priori they are equally likely.
It is this latter question which has been addressed in Refs. [2–4], where a Bayesian prior
has been chosen in such a way, that the odds for normal versus inverted ordering are ≈ 1 : 1
before cosmological data is used. Once data from cosmology is added we will learn to what
extent the data can disfavour inverted ordering, independent of any a priori assumption of
how one expects masses to be distributed. In this way, in Refs. [2–4] odds in favour of normal
ordering of between approximately 2:1 and 3:1 (depending on the used data) are obtained,
in qualitative agreement with Ref. [5].1
Let us stress that the sensitivity of current cosmological data is entirely based on the
available parameter spaces for the two mass orderings, i.e., volume effects in the Bayesian
language. Therefore it is important to specify priors such that the analysis addresses the
question one is interested in. The prior chosen by SJPV mixes the question of the mass
ordering with an assumption about the distribution of the individual masses, whereas the
analyses of Refs. [2–4] investigate purely the question of normal versus inverted ordering,
irrespective of the distribution of individual masses.
1Note that when a similar data set leading to odds of 3:1 in [4] would be used in an analysis as in SJPV,
odds of about 90:1 or higher would be obtained.
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